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Description 
WIDE RANGE CRYSTAL OSCILLATOR 

Background of Invention 
[0001] 1. Technical Field 

[0002] The present invention relates to a structure and associ- 
ated method to allow a crystal oscillator circuit operate 
with a with plurality of different crystals. 

[0003] 2. Related Art 

[0004] A n electrical circuit is typically designed to function with a 
specific component comprising specific electrical proper- 
ties. Replacing the specific component with another com- 
ponent that comprises different electrical properties may 
require major circuit modifications. 

[0005] Major circuit modifications may be time consuming and 
costly. Therefore there exists a need to design an electri- 
cal circuit to function with different components compris- 
ing different electrical properties without making major 

circuit modifications. 
Summary of Invention 



[0006] The present invention provides an electrical structure, 
comprising: 

[0007] a semiconductor device, the semiconductor device com- 
prising a primary inverting amplifier and a programmable 
damping resistor; and 

[0008] a crystal electrically coupled to the primary inverting am- 
plifier, a resistance value of the programmable damping 
resistor being adapted to vary in order to control an 
amount of current flow from the primary inverting ampli- 
fier to the crystal, the amount of the current flow to the 
crystal being dependent upon an electrical property of the 
crystal. 

[0009] The present invention provides a method, comprising: 

[0010] providing an electrical structure comprising a semicon- 
ductor and a crystal, the semiconductor device comprising 
a primary inverting amplifier and a programmable damp- 
ing resistor, the crystal being device electrically coupled 
to the primary inverting amplifier; 

[001 1] varying a resistance value of the programmable damping 
resistor in order to control an amount of current flow from 
the primary inverting amplifier to the crystal, the amount 
of the current flow to the crystal being dependent upon an 
electrical property of the crystal. 



[0012] The present invention advantageously provides a structure 
and associated method to design an electrical circuit to 
function with different components comprising different 
electrical properties without making major circuit modifi- 
cations. 
Brief Description of Drawings 

[0013] FIG. 1 illustrates a schematic of a crystal oscillator circuit 
comprising an inverting amplifier and a crystal, in accor- 
dance with embodiments of the present invention. 

[0014] FIG. 2 illustrates a variation of the crystal oscillator circuit 
2 of FIG. 1, in accordance with embodiments of the 
present invention. 

[0015] FIG. 3 illustrates an internal schematic of the inverting 

amplifier of FIG 2, in accordance with embodiments of the 

present invention 
Detailed Description 

[0016] FIG. 1 illustrates a schematic of a crystal oscillator circuit 
2 comprising an inverting amplifier 10, a crystal Y and a 
resistor 12, in accordance with embodiments of the 
present invention. The crystal Y may be, inter alia, a 
quartz crystal. A quartz crystal resonates at a specific fre- 
quency ("design frequency") determined by the manner in 



which the quartz crystal is formed (e.g., cut) and a design 
of the crystal oscillator circuit 2 (i.e., resistance values for 
resistors 8 and 12, capacitance values for capacitors 16 
and 18, and a voltage gain of the inverting amplifier). Two 
basic conditions are required for oscillation of the crystal 
oscillator circuit 2: 

[0017] i a phase shift around the oscillator loop (oscillator loop 
comprises inverting amplifier 10, crystal Y resistor 12, 
and capacitors 16 and 18 ) of n*360E (n is an integer). The 
inverting amplifier 10 provides approximately 180° phase 
shift from the input 6 to the output 11. The network 
formed by the crystal Y , the resistor 12, and the capaci- 
tors 16 and 18 provide the additional 180° phase shift. 
Therefore an n*360E phase shift around the oscillator 
loop is obtained (n is an integer). 

[0018] 2. An open loop gain that is greater than 0 dB. 

[0019] The inverting amplifier 10 is internal to a semiconductor 
device 17. The crystal Y the resistor 12, the capacitor 16, 
and the capacitor 18 are external to the semiconductor 
device 17. A supply voltage VDD is applied to the invert- 
ing amplifier 10. The resistor 12 and the crystal Y are 
electrically connected between an output 11 of the invert- 
ing amplifier 10 and an input 6 of the inverting amplifier 



10. The capacitor 16 is electrically connected between a 
first side 21 of the crystal Y^nd ground. The capacitor 
18 is electrically connected between a second side 23 of 
the crystal Y and ground. The resistor 8 is electrically 
connected between the output 11 of the inverting ampli- 
fier 10 and the input 6 of the inverting amplifier 10. The 
resistor 8 biases the input 6 of the inverting amplifier 10 
from the output 11 of the inverting amplifier 10 for a 
specified direct current operating point. The resistor 8 
may comprise a resistance value that is selected from a 
range of about 100 Kilohms to about 2 Mega ohms. A 
feedback signal flows from the output 11 of the inverting 
amplifier 10 through the resistor 12, the crystal Y , and 
back to the input 6 of the inverting amplifier 10. A fre- 
quency of the feedback signal is determined by electrical 
properties (such as, inter alia, design frequency 
value, Q-factor, power dissipation value, etc) of the crystal 
Y . The crystal oscillator circuit 2 produces an output sig- 
nal 40 at a frequency according to the crystal Y . The re- 
sistor 12 is a current limiting resistor adapted to limit an 
output of the inverting amplifier so that the crystal Y is 
not over driven (i.e., a power dissipated by the crystal is 
below a maximum power specification that varies between 



crystals). The fixed value of the resistor 12 should be 
about equal to a capacitive reactance of the capacitor 16. 
The crystal oscillator circuit 2 is designed to operate with 
one specific design frequency value (or electrical property 
such as, inter al i a, Q- factor, power dissipation value, etc) 
for the crystal Y dependent upon the fixed value of the 
resistor 12 a fixed value R of the resistor 8, a fixed value 

3 

C i of the capacitor 16, a fixed value of the capacitor 

18, and a gain of the inverting amplifier 10. A pro- 
grammable oscillator circuit may be designed to operate 
with different crystals comprising different electrical 
properties such as inter alia a specific design frequency 
value of a crystal as described infra in the description of 
FIG. 2. 

[0020] FIG. 2 illustrates a variation of the crystal oscillator circuit 
2 of FIG. 1 showing a schematic of a programmable crys- 
tal oscillator circuit 4 comprising an inverting amplifier 

19, a crystal Y capacitors 16 and 18, and a variable re- 
sistor 14, in accordance with embodiments of the present 
invention. The crystal may be, inter alia, a quartz crys- 
tal. A supply voltage VDD is applied to the inverting am- 
plifier 19. The variable resistor 14 and the crystal Y^ are 
electrically connected between an output 32 of the invert- 



ing amplifier 19 and an input 12 of the inverting amplifier 
19. The capacitor 16 is electrically connected to the crys- 
tal Y . The capacitor 18 is electrically connected to the 
crystal Y . The resistor 8 is electrically connected between 
the output 35 of the inverting amplifier 19 and the input 
12 of the inverting amplifier 19. The resistor 8 is electri- 
cally connected in parallel with the crystal Y . The resistor 
8 biases the input 12 of the inverting amplifier 19 from 
the output 35 of the inverting amplifier 19 for a specified 
direct current operating point. A feedback signal flows 
from the output 32 of the inverting amplifier 19 through 
the variable resistor 14, the crystal Y , and back to the in- 
put 12 of the inverting amplifier 19. A frequency of the 
feedback signal is determined by electrical properties 
(such as, inter alia, design frequency value, Q- factor, 
power dissipation value, etc) of the crystal Y . The ad- 
justable resistor 14 is a current limiting resistor adapted 
to limit an output 32 of the inverting amplifier 19 so that 
the crystal is not overdriven (i.e., a power dissipated by 
the crystal is below a maximum power specification that 
varies between crystals). The value R 2 of the variable re- 
sistor 14 should be about equal to a capacitive reactance 
of the capacitor 16. The crystal oscillator circuit 4 pro- 



duces an output signal 35 at a frequency according to the 
crystal Y . The crystal buffer 17 is a noise filter for the 
output signal 35 from the crystal oscillator circuit 4 and 
produces an output signal 39. In contrast with the crystal 
oscillator circuit 2 of FIG. 1, the crystal oscillator circuit 4 
of FIG. 2 comprises the inverting amplifier 19 with an ad- 
justable gain and the resistor 14 is variable. Additionally, 
the inverting amplifier 19, the variable resistor 14, and 
the crystal buffer 17 are internal to a semiconductor de- 
vice 49. The variable resistor 14 may comprise a plurality 
of resistors (comprising different resistance values) 
adapted to be coupled in series and/or parallel to achieve 
a desired value R for the variable resistor 14. A resistor 

2 

control signal 47 may be applied to the variable resistor 
14 to specify the desired value R 2 The inverting amplifier 
19 may comprise a plurality of secondary inverting ampli- 
fiers 3 (see FIG. 3) electrically connected in parallel and 
the voltage gain of the inverting amplifier 19 may be var- 
ied by enabling and/or disabling at least one of the plu- 
rality of secondary inverting amplifiers 3 as described in 
the description of FIG. 3. The variable resistor 14 and the 
adjustable gain of the inverting amplifier 19 together al- 
low the crystal oscillator circuit 4 to operate with a with 



plurality of different crystals (e.g., the crystal Y ) that 
comprise different electrical properties such as, inter alia, 
design frequency, Q-factor, power dissipation value. By 
adjusting a gain of the inverting amplifier 19, a target 
gain value for the oscillator circuit 4 may be achieved re- 
gardless of the electrical properties of the crystal Y . The 
target gain value for the inverting amplifier 19 may be se- 
lected from a range of about 10 decibels (dB) to about 30 
dB. A target gain value of about 20 dB is optimal. If the 
target gain value for the oscillator circuit 4 is too high the 
crystal may resonate at an overtone frequency. If the 
target gain value for the oscillator circuit 4 is too low, os- 
cillation of the crystal oscillator circuit 4 may be pre- 
vented. Additionally, if the target gain value for the oscil- 
lator circuit 4 is too low, the crystal buffer 17 may be sen- 
sitive to noise resulting from slow slew rates caused by 
the low gain of the crystal oscillator circuit 4. The resis- 
tance R 2 of the adjustable resistor 14 may be increased in 
order to limit an amount of current from the output 32 of 
the inverting amplifier 19 so that a power dissipated by 
the crystal is less than a maximum power specification 
(i.e., power dissipation value) for the crystal Y . Increasing 
the resistance R 2 tends to reduce the target gain value for 



the oscillator circuit 4 so the gain of the inverting ampli- 
fier 19 may have to be increased to compensate for the 

increase the resistance R A balance between the resis- 

2. 

tance F^and the gain of the inverting amplifier 19 must be 
maintained in order for the oscillator circuit 4 to operate 
correctly.The resistance R 2 of the adjustable resistor 14 
may be varied in order to compensate for crystals (i.e., the 
crystal Y ) that comprise different quality factors 
(Q-factor). A Q-factor is defined as a ratio of energy 
stored by the crystal divided by the energy dissipated 
by the crystal an d is use d t0 characterize an acoustic 
loss in the crystal Y . Since the Q-factor of a crystal is re- 
lated to an impedance of the crystal, varying the resis- 
tance R 2 the adjustable resistor 14 allows for the place- 
ment of crystals comprising different Q-factors in the os- 
cillator circuit 4. 
[0021] FIG. 3 illustrates an internal schematic of the inverting 

amplifier 19 of FIG 2 comprising a plurality of secondary 
inverting amplifiers 3, in accordance with embodiments of 
the present invention. A plurality of input terminals 4 of 
the plurality of secondary inverting amplifiers 3 are elec- 
trically coupled to each other in parallel and collectively 
represent the input 12 of the inverting amplifier 19 in FIG. 



2. A plurality of output terminals 7 of the plurality of sec- 
ondary inverting amplifiers 3 are electrically coupled to 
each other in parallel and collectively represent the output 
32 of the inverting amplifier 19 in FIG. 2. Each of the plu- 
rality of secondary inverting amplifiers 3 comprises an en- 
able terminal 1 adapted to enable or disable each of the 
secondary inverting amplifiers 3. The plurality of sec- 
ondary inverting amplifiers 3 are divided into groups 54, 
55, 56, 57, 58, 59, 60, and 61. The enable terminals 1 in 
each of groups 54, 55, 56, 57, 58, 59, 60, and 61 are 
electrically coupled to each other in parallel. Each of 
groups 54, 55, 56, 57, 58, 59, 60, and 61 are electrically 
coupled to a 3-8 bit decoder 22. The 3-8 bit decoder 22 
is adapted to accept a 3 bit (combination of logic high 
and/or logic low) gain control signal 43 and convert the 
the 3 bit gain control signal into an 8 bit (combination of 
logic high and/or logic low) gain control signal. Each of 
groups 54, 55, 56, 57, 58, 59, and 60 receives 1 bit of the 
8 bit gain control signal. If any of groups 54, 55, 56, 57, 
58, 59, 60, or 61 of the secondary inverting amplifiers 3 
receives a logic high bit, the secondary inverting ampli- 
fiers 3 in the group(s) receiving the logic high bit are en- 
abled. If any of groups 54, 55, 56, 57, 58, 59, 60 or 61 of 



the secondary inverting amplifiers 3 receives a logic low 
bit, the secondary inverting amplifiers 3 in the group(s) 
receiving the logic low bit are disabled. Therefore the 
voltage gain of the inverting amplifier 19 is adjusted by 
enabling and/or disabling the individual groups 54, 55, 
56, 57, 58, 59, 60, or 61 of the secondary inverting am- 
plifiers 3 and thereby adding or subtracting the voltage 
gains of the individual groups 54, 55, 56, 57, 58, 59, 60, 
or 61 to obtain the voltage gain of the inverting amplifier 
19. 

[0022] The following chart shows a relationship between the gain 
control signals and a design frequency of the crystal Y : 



3 bit control signal 


8 bit control signal 


Frequency of crystal Y 2 
(MHz) 


000 


11111111 


90-100 


001 


00000100 


.032768 (RTC mode) 


010 


00001100 


1-5 


011 


01001100 


5-20 


100 


11001100 


20-60 


101 


11011100 


60-70 


110 


11011101 


70-80 


111 


11111101 


80-90 



[0023] The RTC mode in the previous table is a low gain mode 



for real time clock applications . 
[0024] while embodiments of the present invention have been 

described herein for purposes of illustration, many modi- 
fications and changes will become apparent to those 
skilled in the art. Accordingly, the appended claims are 
intended to encompass all such modifications and 
changes as fall within the true spirit and scope of this in- 
vention. 



